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(54)  Support  and  ink  jet  recording  material  containing  the  same  

(57)  A  support  for  an  ink  jet  recording  material,  hav- 
ing  an  enhanced  gloss,  revolution  and  image  sharpness 
and  clarity,  includes  a  substrate  sheet  and  a  radiation- 
cured  resin  coating  layer  formed  on  a  surface  of  the 
substrate  sheet,  and  the  ink  jet  recording  material  pre- 
pared  by  forming  an  ink-receiving  layer  on  the  support 
sheet  can  form  thereon  ink  images  having  an  enhanced 
sharpness  and  clarity. 
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Description 

BACKGROUND  OF  THE  INVENTION 

5  1  .  Field  of  the  Invention 

The  present  invention  relates  to  a  support  useful  for  an  ink  jet  recording  material,  having  an  enhanced  gloss,  res- 
olution  and  image  sharpness  and  clarity,  and  an  ink  jet  recording  material  containing  the  support  and  capable  of  forming 
thereon  ink  images  with  excellent  sharpness  and  clarity. 

10 
2.  Description  of  the  Related  Art 

The  ink  jet  recording  system  refers  to  a  system  of  recording  ink  images  by  jetting,  imagewise,  droplets  of  an  ink 
through  a  printing  jet  nozzle  using  a  suitable  jetting  means  toward  a  recording  material  surface,  and  adhere-absorbing 

15  the  jetted  droplets  on  the  surface  of  the  recording  material  to  form  ink  images.  This  recording  system  is  advantageous 
in  that  the  images  can  be  recorded  at  a  high  speed  with  little  noise  and  in  multiple  colors.  Currently,  due  to  a  significant 
progress  in  the  performance  of  personal  computers  and  a  popularization  of  multi-media  communication  system,  there 
is  a  strong  requirement  of  printing  images  or  pictures  in  plurality  of  colors  at  home  or  office.  For  this  requirement,  the 
ink  jet  recording  system  is  considered  best,  and  a  new  ink  jet  recording  material  suitable  for  the  multi-color,  i.e.  full  color 

20  recording  system  is  required. 
The  conventional  ink  jet  recording  material  includes  non-coated  and  coated  ink  jet  recording  materials.  The  non- 

coated  recording  material  is  produced  by  coating  or  impregnating  a  paper  substrate  sheet  made  from  a  pulp  with  a 
small  amount  of  a  chemical  for  enhancing  the  absorption  and  fixing  of  the  ink. 

The  coated  recording  sheet  comprises  a  paper  substrate  sheet  and  a  ink-receiving  layer  formed  on  a  surface  of  the 
25  paper  substrate  sheet  and  comprising  an  ink-absorbing  pigment,  for  example,  a  silica  or  calcium  carbonate  pigment 

having  an  average  particle  size  of  about  1  to  about  20  urn  and  a  resinous  binder,  for  example,  polyvinyl  alcohol,  polyvi- 
nyl  pyrrolidone  or  gelatin. 

These  conventional  ink  jet  recording  materials  have  a  substrate  formed  from  a  paper  sheet  comprising  pulp  fibers, 
and  thus  the  surface  of  the  recording  material  has  a  fine  roughness  derived  from  the  pulp  fibers.  Also,  the  paper-making 

30  process  causes  the  resultant  paper  sheet  surface  to  have  an  unevenness,  and  this  surface  unevenness  is  difficult  to 
remove. 

In  the  conventional  coated  ink  jet  recording  material,  when  an  aqueous  coating  liquid  containing  the  pigment  and 
resinous  binder  is  coated  on  the  paper  substrate  sheet,  water  in  the  aqueous  coating  liquid  diffuses  into  the  paper  sub- 
strate  sheet,  and  causes  the  paper  substrate  sheet  to  be  unevenly  shrunk  or  roughened,  and  thus  the  resultant  coated 

35  ink  jet  recording  material  surface  exhibits  an  unsatisfactory  gloss  and  smoothness.  Even  if  a  surface-smoothing  treat- 
ment,  for  example,  a  calendaring  treatment,  is  applied  to  the  conventional  coated  ink  jet  recording  material,  it  is  very 
difficult  to  remove  the  above-mentioned  uneven  shrinkage  and  roughness  completely.  Accordingly,  when  colored 
images  are  printed,  the  conventional  ink  jet  recording  materials  have  had  an  insufficient  gloss,  and  a  low  capability  of 
forming  ink  images  with  high  clarity  and  sharpness. 

40  Namely,  when  colored  images  taken  by  a  digital  still  camera,  supplied  through  a  recording  media,  for  example,  CD- 
ROM,  or  prepared  by  a  graphic  softwear  are  printed  by  an  ink  jet  printing  system,  the  resultant  ink  images  are  unsatis- 
factory  in  clarity  and  sharpness  and  thus  could  not  satisfy  the  commercial  demand. 

Japanese  Unexamined  Patent  Publication  No.  7-25,133  discloses  an  ink  jet  recording  material  in  which  a  resin- 
coated  paper  sheet  or  a  polyester  film  having  a  center  line  mean  roughness  (Ra)  of  less  than  0.4  urn  is  employed  as 

45  the  support  sheet,  and  the  ink-receiving  layer  contains  5  to  30  mg/m2  of  fine  spherical  polymer  particles  having  a  par- 
ticle  size  of  5  to  15  urn. 

Also,  Japanese  Examined  Patent  Publication  No.  3-25,352  discloses  an  ink  jet  recording  material  having  a  high 
gloss  and  characterized  in  that  on  a  support  sheet  such  as  a  cast-coated  paper  sheet  having  a  surface  gloss  of  80%  or 
more  or  a  plastic  sheet  having  a  Hunter  whiteness  of  80%  or  more,  a  coating  containing  a  polyvinyl  alcohol  having  a 

so  degree  of  saponification  of  50  to  90  molar  %  and  a  cross-linking  agent  in  an  amount  of  5  to  50%  based  on  the  weight 
of  the  polyvinyl  alcohol,  is  formed.  In  this  recording  material,  when  the  plastic  sheet  is  employed  as  a  support  sheet,  it 
is  easy  to  obtain  a  higher  gloss  than  that  obtained  by  using  the  pulp  paper  sheet.  Generally  speaking,  the  whiteness, 
gloss  and  resolution  do  not  primarily  relate  to  each  other.  Namely,  the  plastic  sheet  having  a  specific  whiteness  does 
not  always  impart  a  high  gloss  and  resolution  to  the  resultant  recording  material.  Also,  the  plastic  sheet  is  unsatisfac- 

55  tory,  as  a  support  sheet,  in  hand  feeling,  and  thus  when  a  resultant  ink  jet  recording  sheet  having  colored  images 
printed  thereon  is  held  by  hand  to  observe  the  colored  images,  the  hand  feeling  is  different  from  that  of  the  usual  paper 
sheets  and  the  flexibility  thereof  is  too  high. 

Japanese  Unexamined  Patent  Publication  No.  2-276,670  discloses  an  ink  jet  recording  material  prepared  by  apply- 
ing  a  corona  treatment  or  a  precoat  treatment  to  a  film  sheet,  and  forming  a  coating  layer  containing  a  pseudo-boehmite 
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on  the  film  sheet  to  provide  an  ink-receiving  layer.  The  pseudo-boehmite  particles  preferably  have  a  radius  of  40  to  100 
angstroms  and  a  total  porosity  of  0.1  to  0.4  mf/g.  This  ink  jet  recording  material  has  the  same  problems  as  those  men- 
tioned  above  and  is  sometimes  unsatisfactory  in  hand  feeling. 

Japanese  Unexamined  Patent  Publication  No.  7-137,431  discloses  an  ink  jet  recording  sheet  comprising  a  support 
5  sheet  consisting  of  a  non-absorbent  sheet  with  a  Bekk  smoothness  of  1  000  seconds  or  more  and  an  ink-receiving  layer 

formed  from  fine  cationic  inorganic  particles  with  a  particle  size  of  less  than  0.1  urn  and  a  polyvinyl  alcohol  with  a  degree 
of  saponification  of  85  to  95  molar  %  and  a  degree  of  polymerization  of  4000.  However,  when  a  polyolef  in  resin-coated 
paper  sheet,  which  was  mentioned  as  an  example  in  the  publication,  is  used  as  a  support  sheet,  the  resultant  recording 
material  does  not  have  a  satisfactory  gloss  and  image-sharpness.  Namely,  although  the  gloss  may  be  enhanced  by 

10  enhancing  the  smoothness  of  the  support  sheet  surface,  in  other  words,  by  increasing  the  bekk  smoothness  of  the  sup- 
port  sheet,  the  enhancement  of  the  smoothness  does  not  always  result  in  an  enhancement  of  the  gloss,  and  sometimes 
the  resultant  gloss  is  insufficient. 

As  an  attempt  of  application  of  a  curing  technique  using  ionizing  radiation  for  an  ink  jet  recording  material,  Japa- 
nese  Unexamined  Patent  Publication  No.  62-221  ,591  discloses  a  transparent  substrate  sheet  having  two  ink  jet  receiv- 

15  ing  layers,  namely  a  transparent  cationic  acrylic  copolymer  layer  and  an  anionic  acrylic  copolymer  layer,  formed  by  an 
ultra-violet  ray-curing  technique.  However,  the  employment  of  the  ultra-violet  ray-curing  technique  per  se  could  not 
enhance  the  smoothness,  gloss  and  resolution  of  the  surface. 

The  ink  jet  recording  materials  for  printing  colored  images,  are  required  to  have  the  same  colored  image-forming 
property  and  hand  feeling  as  those  of  usual  silver  salt  photographic  printing  sheet.  However,  the  conventional  ink  jet 

20  recording  material  does  not  fully  satisfy  the  requirement. 

SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide  a  support  sheet  useful  for  an  ink  jet  recording  material,  having  an 
25  enhanced  gloss,  resolution  and  image  sharpness  and  clarity,  and  an  ink  jet  recording  sheet  including  the  support,  and 

capable  of  forming  thereon  ink  images  with  excellent  sharpness  and  clarity. 
The  above-mentioned  object  can  be  attained  by  the  support  sheet  of  the  present  invention  for  an  ink  jet  recording 

material,  which  comprises  a  substrate  sheet  and  a  resinous  coating  layer  formed  on  a  surface  of  the  substrate  Sheet 
and  comprising,  as  a  principal  component,  a  radiation-curing  product  of  at  least  one  organic  unsaturated  compound 

30  which  is  curable  by  applying  a  radiation  thereto. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

In  the  support  sheet  of  the  present  invention  for  an  ink  jet  recording  material,  a  resinous  coating  layer  comprising, 
35  as  a  principal  component,  a  radiation-curing  product  of  at  least  one  organic  unsaturated  compound  curable  by  applying 

a  radiation  thereto,  is  formed  on  a  surface  of  a  substrate  sheet  to  which  an  ink-receiving  layer  is  to  be  formed. 
The  substrate  sheet  usable  for  the  support  sheet  of  the  present  invention  comprises,  or  consists  essentially  of,  or 

consists  of  at  least  one  member  selected  from,  a  paper  sheet,  a  synthetic  paper  sheet,  a  plastic  sheet,  a  woven  or  knit- 
ted  fabric  sheet,  a  nonwoven  fabric  sheet,  a  metal  sheets  or  a  laminated  paper  sheet  on  which  a  polyolef  in  resin  is  melt- 

40  coated  on  a  paper  sheet,  preferably  a  paper  sheet  and  a  laminated  paper  sheet. 
The  paper  sheets  can  be  produced  from  at  least  one  wood  pulp  selected  from,  for  example,  a  hard  wood  pulp,  a 

soft  wood  pulp,  and  a  mixed  soft  and  hard  wood  pulp.  Also,  the  paper  sheet  can  be  formed  from  at  least  one  bleached 
pulp,  for  example,  a  bleached  kraft  pulp,  a  sulfite  pulp  and  a  soda  pulp,  which  are  usually  employed  for  paper  sheets. 
The  pulp  for  the  substrate  sheet  may  contain  a  synthetic  pulp  and/or  synthetic  fibers. 

45  The  pulp  paper  sheet  usable  for  the  substrate  sheet  optionally  contains  a  conventional  additive  comprising  at  least 
one  of  dry  paper-strengthening  agents,  for  example,  cationized  starches,  cationized  polyacrylamides,  and  anionic  poly- 
acrylamides;  sizing  agents,  for  example,  fatty  acid  salts,  rosin,  maleinic  acid-modified  rosins,  cationized  sizing  agents 
and  reactive  sizing  agents;  fillers,  for  example,  clay,  talc  and  kaolin;  wet  paper-strengthening  agents,  for  example,  mela- 
mine-formaldehyde  resins  and  epoxidized  polyamide  resins;  fixing  agents,  for  example,  aluminum  sulfate  and  cation- 

50  ized  starches;  pH-regulaters,  for  example,  sodium  hydroxide  and  sodium  carbonate;  electroconductive  agents;  and 
coloring  materials. 

Also,  the  pulp  paper  sheet  usable  for  the  substrate  sheet  of  the  support  sheet  of  the  present  invention  is  optionally 
tub-sized  or  size-pressed  with  a  treating  liquid  containing  at  least  one  member  selected  from  water-soluble  polymeric 
compounds,  a  sizing  agent,  inorganic  electrolytic  substances,  moisture-absorbing  materials,  pigments,  pH-regulators, 

55  polyvinyl  alcohol  and  carboxyl-modified  polyvinyl  alcohols. 
The  pulp  paper  sheet  has  a  basis  weight  of,  preferably,  from  50  to  300  g/m2,  and  more  preferably  100  to  200  g/m2. 

If  the  basis  weight  is  too  small,  the  resultant  substrate  sheet  may  have  an  insufficient  stiffness  and  thus  the  resultant 
ink  jet  recording  material  may  have  too  high  a  flexibility  and  an  unsatisfactory  hand  feeling  when  the  printed  recording 
sheet  is  held  by  hand  to  observe  the  printed  ink  images  thereon,  and  an  unsatisfactory  forwarding  property  through  an 

3 
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ink  jet  printer  when  it  is  fed  into  the  printer.  If  the  basis  weight  is  more  than  300  g/m2,  the  resultant  inkjet  recording  sheet 
may  be  too  thick,  and  difficult  in  handling,  and  may  have  too  high  a  stiffness  and  an  insufficient  forwarding  property 
through  the  inkjet  printer. 

There  is  no  limitation  to  the  thickness  and  the  bulk  density  of  the  pulp  paper  sheet.  Preferably,  the  paper  sheet  for 
5  the  substrate  sheet  is  compressed  by  applying  thereto  a  pressing  or  heat-pressing  treatment  using  a  machine  calendar, 

heat  calendar,  soft  calendar,  or  super  calendar  to  improve  the  surface  smoothness  of  the  paper  sheet.  Preferably,  the 
paper  sheet  has  a  thickness  within  a  range  of  from  20  to  300  urn  and  a  bulk  density  within  a  range  of  from  0.7  to  1  .2 
g/cm3. 

A  surface  of  the  substrate  sheet  is  coated  with  a  resinous  coating  layer.  The  resinous  coating  layer  may  have  a  sin- 
10  gle  layer  structure  or  a  multi  layered  structure,  namely  a  two  or  more  layered  structure.  In  the  multi-layered  resinous 

coating  layer,  an  outermost  layer  is  prefereably  formed  from  a  radiation-curing  product  of  at  least  one  organic  unsatu- 
rated  compound  curable  by  applying  thereto  a  radiation  treatment. 

The  radiation-curable  organic  unsaturated  compounds  usable  for  the  present  invention  include  the  following  groups 
of  compounds. 

15 
(1)  Acrylate  compounds  of  mono-  to  hexa-valent  aliphatic,  cycloaliphatic  and  aromatic  alcohols  and  polyalkyleneg- 
lycols 
(2)  Acrylate  compounds  of  addition  reaction  products  of  mono-  to  hexa-valent  aliphatic,  cycloaliphatic  and  aromatic 
alcohols  with  alkylene  oxides 

20  (3)  Ester  compounds  of  polyacryloylalkyl  phosphic  acids 
(4)  Reaction  products  of  carboxylic  acids  with  polyols  and  acrylic  acid 
(5)  Reaction  products  of  isocyanate  compounds  with  polyols  and  acrylic  acid 
(6)  Reaction  products  of  epoxy  compounds  with  acrylic  acid 
(7)  Reaction  products  of  epoxy  compounds  with  polyols  and  acrylic  acid. 

25 
More  particularly,  the  radiation-curable  organic  unsaturated  compounds  are  selected  from,  preferably,  polyoxyeth- 

ylene-epichlorohydrin-modif  ied  bisphenol  A  diacrylate,  dicyclohexyl  acrylate,  epichlorohydrin-modif  ied  polyethylenegly- 
col  diacrylate,  1  ,6-hexanediol  diacrylate,  hydroxypivalic  acid  ester-neopentylglycol  diacrylate,  nonylphenoxypoly- 
ethyleneglycol  acrylate,  ethyleneoxide-modified  phenoxylatedphosphoric  acid  acrylate,  ethyleneoxide-modified 

30  phthalic  acid  acrylate,  polybutadiene  acrylate,  caprolactam-modif  ied  tetrahydrofurfuryl  acrylate,  tris  (acryloxyethyl)  iso- 
cyanurate,  trimethylolpropane  triacrylate,  pentaerythritol  triacrylate,  dipentaerythritol  hexacrylate,  polyethyleneglycol 
diacrylate,  1  ,4-butadienediol  diacrylate,  neopentylglycol  diacrylate  and  neopentylglycol-modified  trimethylolpropane 
diacrylate. 

These  unsaturated  compounds  may  be  employed  alone  or  in  a  mixture  of  two  or  more  thereof. 
35  In  the  preparation  of  a  coating  liquid  containing  the  radiation-curable  organic  unsaturated  compound  for  the  resin- 

ous  coating  layer,  the  viscosity  and  the  coating  property  of  the  coating  liquid  can  be  adjusted  to  desired  levels  by  adding 
at  least  one  radiation  curable  oligomer  or  monomer  other  than  those  mentioned  above.  Also,  the  hardness  or  flexibility 
of  the  resinous  coating  layer  can  be  adjusted  by  varying  the  mixing  proportion  of  the  other  oligomer  or  monomer.  Nev- 
ertheless,  it  should  be  noted  that  generally  the  lower  the  degree  of  curing,  the  higher  the  flexibility  of  the  resultant  res- 

40  inous  coating  layer,  and  a  lower  degree  of  curing  may  result  in  an  insufficient  water-resistance  and  a  low  mechanical 
strength  of  the  resultant  resinous  coating  layer. 
Further,  the  insufficient  curing  may  cause  the  surface  of  the  resultant  resinous  coating  layer  to  be  undesirably  sticky  and 
tacky.  To  make  sure  that  the  radiation  cured  resinous  coating  layer  exhibits  a  sufficient  water-resistance  and  no  tacki- 
ness,  the  coating  liquid  applied  to  a  surface  of  the  substrate  sheet  must  be  fully  cured.  When  the  other  oligomer  or  mon- 

45  omer  is  mixed,  the  type  and  amount  of  the  other  oligomer  or  monomer  should  be  established  in  consideration  of  the 
above-mentioned  items. 

In  the  radiation-cured  resinous  coating  layer  of  the  present  invention,  a  pigment  is  preferably  contained  to  enhance 
the  brightness  and  sharpness  of  the  colored  images. 

The  pigment  preferable  for  the  above-mentioned  purposes  comprises  at  least  one  white  pigment  selected  from 
so  anatase  type  titanium  dioxide,  rutile  type  titanium  dioxide,  barium  sulfate,  calcium  carbonate,  zinc  oxide,  silica,  satin 

white,  aluminum  oxide,  magnesium  oxide,  and  magnesium  hydroxide  pigments.  Among  the  above-mentioned  pig- 
ments,  the  anatase  and  rutile  type  titanum  dioxide  pigments  are  more  preferably  used  due  to  an  excellent  whiteness 
and  shielding  property  thereof.  These  pigments  can  be  used  alone  or  in  a  mixture  of  two  or  more  thereof. 

In  the  preparation  of  a  coating  liquid  containing  the  pigment  in  addition  to  the  radiation-curable  organic  unsaturated 
55  compound,  the  pigment  is  dispersed  in  the  radiation  curable  compound  by  using  a  three  roll  mill,  two  roll  mill,  Cowles 

dissolver,  homomixer,  sand  grinder,  ball  mill,  paint  conditioner  or  ultrasonic  disperser. 
In  the  formation  of  the  radiation  cured  resinous  coating  layer  comprising  a  pigment,  the  content  of  the  pigment  is 

preferably  250  parts  by  weight  or  less,  more  preferably  180  parts  by  weight  or  less,  per  100  parts  by  weight  of  the  radi- 
ation  curable  organic  unsaturated  compound  component.  Generally  the  higher  the  content  of  the  white  pigment,  the 

4 
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higher  the  whiteness  of  the  coating  layer  and  the  resolution  property  and  brightness  of  the  images.  However,  if  the  con- 
tent  of  the  pigment  is  too  high,  the  resultant  coating  liquid  may  exhibit  a  decreased  film-forming  property  and  the  result- 
ant  radiation-cured  coating  layer  may  have  a  low  resistance  to  cracking,  an  increased  roughness  and  a  reduced  gloss. 

The  resinous  coating  layer  of  the  present  invention  optionally  contains  an  additive,  for  example,  a  photo  reaction 
5  initiater,  photosensitizing  agent,  dispersing  agent,  colored  pigment,  dye  and  stabilizer. 

The  resinous  coating  layer  can  be  formed  by  coating  a  coating  liquid  prepared  from  a  radiation-curable  organic 
unsaturated  compound  component  optionally  mixed  with  a  pigment  and  optionally  with  an  additive,  on  a  surface  of  a 
substrate  sheet  and  radiation  curing  the  coating  liquid  layer  on  the  substrate  sheet. 

The  radiation  capable  of  curing  the  organic  unsaturated  compound  may  be  an  electron  beam,  ultra-violet  rays,  ol- 
io  rays,  p-rays,  y-rays  or  X-rays  which  are  ionizing  radiations.  In  consideration  of  radiation-curability  and  handling  ease,  an 

electron  beam  is  preferably  utilized  for  the  present  invention.  When  the  coating  liquid  contains  a  pigment  and  ultraviolet 
rays  are  used  for  the  radiation  curing  of  the  coating  liquid,  the  ultraviolet  rays  may  not  reach  the  inside  of  the  resultant 
coating  liquid  layer  and  thus  the  coating  liquid  layer  may  be  insufficiently  cured.  Also,  when  ultraviolet  rays  are  irradiated 
to  the  coating  liquid  layer  through  a  sheet  or  film,  the  coating  liquid  layer  may  be  insufficiently  cured.  When  ultraviolet 

15  rays  are  used  for  the  radiation  curing,  a  photopolymerization  initiater  and/or  a  photosensitizing  agent  may  be  added  to 
the  coating  liquid. 

The  electron  beam  irradiation  apparatus  is  not  limited  to  specific  apparatus  and  thus  can  be  selected  from  a  elec- 
trocurtain  system  and  a  scanning  system.  The  electron  beam  curing  procedure  is  preferably  carried  out  under  an  accel- 
eration  voltage  of  100  kV,  or  more,  more  preferably  from  100  to  300  kV,  at  a  radiation  dose  of  0.5  to  15  Mrad. 

20  If  the  radiation  dose  is  too  small,  the  curing  of  the  unsaturated  compound  may  become  insufficient,  and  the  result- 
ant  resinous  coating  layer  may  have  an  unsatisfactory  water  resistance  and  exhibit  an  undesired  tackiness.  Also,  if  the 
radiation  dose  is  too  large,  the  resultant  resinous  coating  layer  may  have  too  high  a  stiffness,  the  substrate  sheet  may 
be  degradated  and  become  brittle,  or  yellowed  and  exhibit  a  reduced  whiteness. 

In  the  preferable  procedure  of  forming  the  resinous  coating  layer,  a  surface  of  the  coating  liquid  layer  is  brought  into 
25  contact  with  a  smooth  casting  surface  of  a  casting  member,  and  under  this  condition,  a  radiation  is  applied  to  the  coat- 

ing  liquid  layer  to  cure  it.  The  resultant  radiation  cured  resinous  coating  layer  is  separated  from  the  casting  member  sur- 
face.  The  smooth  surface  of  the  casting  member  is  transferred  to  the  radiation-cured  resinous  coating  layer,  and  thus 
the  resultant  coating  layer  has  an  enhanced  gloss. 

The  casting  member  can  be  selected  from,  for  example,  a  metal  plate,  roll  or  drum  having  a  mirror-finished  surface, 
30  or  a  plastic  film,  for  example,  polyester  film,  with  a  smooth  surface. 

In  this  transfer  procedure,  for  example,  a  radiation-curable  coating  liquid  is  coated  on  a  substrate  sheet  surface,  the 
surface  of  the  coating  liquid  layer  is  brought  into  contact  with  a  casting  surface  of  a  casting  plate,  roll  or  drum  and  a  radi- 
ation  is  applied  to  the  coating  liquid  layer  through  the  substrate  sheet. 

Alternatively,  a  first  radiation-curable  coating  liquid  is  coated  on  a  surface  of  a  radiation-transmissible  polyester  film, 
35  a  radiation  is  applied  to  the  first  coating  liquid  layer  to  cure  the  first  coating  liquid  layer  and  to  form  a  first  resinous  coat- 

ing  layer,  the  second  radiation  curable  coating  liquid  is  further  coated  on  the  first  cured  resinous  coating  layer,  a  sub- 
strate  sheet  is  superposed  on  the  second  coating  liquid  layer,  the  coating  liquid  layer  is  cured  by  applying  a  radiation 
thereto,  so  that  a  second  cured  resin  coating  layer  is  formed  and  simultaneously  bound  to  the  first  cured  resin  coating 
layer  to  form  a  two  layered  resinous  coating  layer,  and  finally  the  polyester  film  is  separated  from  the  resultant  compos- 

40  ite  sheet.  The  resultant  composite  sheet  has  an  enhanced  gloss. 
Generally,  the  higher  the  smoothness  of  the  casting  surface,  the  higher  the  gloss  of  the  resultant  radiation-cured 

resinous  coating  layer  surface.  For  example,  the  casting  surface  preferably  has  a  center  line  mean  roughness  (Ra)  of 
0.5  urn  or  less,  more  preferably  0.05  urn  or  less,  determined  in  accordance  with  J  IS  B  0601  . 

The  radiation-curable  coating  liquid  can  be  coated  by  a  conventional  coating  method,  for  example,  a  wire  bar  coat- 
45  ing  method,  a  rod  coating  method,  an  air-knife  coating  method,  a  blade  coating  method,  a  gravure  coating  method,  an 

extrusion  coating  method,  a  curtain  coating  method  and  a  spray  coating  method. 
The  resinous  coating  layer  of  the  present  invention  may  be  a  single  layer  structure  or  a  multi-layer  structure  and  all 

the  layers  may  be  formed  by  the  radiation-curing  method. 
In  an  embodiment  where  a  laminate  paper  sheet  prepared  by  melt-laminating  a  polyolefin  resin  on  a  base  paper 

so  sheet  to  form  an  undercoat  layer  is  used  as  a  substrate  sheet,  and  a  radiation-cured  resinous  coating  layer  is  formed 
on  the  polyolefin  resin  undercoat  layer  surface  of  the  substrate  sheet,  the  resultant  support  sheet  has  excellent  surface 
smoothness  and  gloss.  Therefore,  when  an  ink-receiving  layer  is  formed  on  the  support  sheet,  the  resultant  ink  jet 
recording  material  has  an  excellent  gloss  and  resolution  property  and  can  form  thereon  ink  images  with  high  sharpness 
and  resolution. 

55  The  polyolefin  resin  usable  for  the  undercoat  is  preferably  selected  from  homopolymers  of  ethylene,  a-olefins,  for 
example,  propylene,  copolymers  of  two  or  more  of  the  above-mentioned  monomers,  and  mixtures  of  two  or  more  of  the 
homopolymers  and  copolymers  mentioned  above. 

The  polyolefin  resin  to  be  coated  on  the  base  paper  sheet  comprises  preferably  a  member  selected  from  low  den- 
sity  polyethylene  resins,  high  density  polyethylene  resins,  linear  low  density  polyethylene  resins,  polypropylene  resins 
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and  mixtures  of  two  or  more  of  the  above-mentioned  resins.  The  polyolefin  resins  are  not  limited  to  those  having  a  spe- 
cific  molecular  weight.  However,  the  polyolefin  resins  having  a  molecular  weight  of  20,000  to  200,000  are  preferably  uti- 
lized  for  the  present  invention. 

The  above-mentioned  polyethylene  resins  can  be  selected  from  those  commercially  available  having  a  density  of 
5  0.91  5  to  0.950  and  a  melt  flow  rate  of  2  to  20  g/1  0  minutes  measured  at  a  temperature  of  1  90°C  under  a  load  of  21  60g, 

in  accordance  with  J  IS  K  6760. 
To  enhance  the  whiteness,  sharpness  and  resolution  property  of  the  resultant  inkjet  recording  material,  the  poly- 

olefin  resin  is  preferably  mixed  with  a  white  pigment.  The  white  pigment  preferably  contains  at  least  one  member 
selected  from  anatase  type  titanium  dioxide,  rutile  type  titanium  dioxide,  zinc  oxide,  talc,  calcium  carbonate,  alumina, 

10  silia,  synthetic  zeolite  pigments.  These  white  pigments  may  be  employed  alone  or  in  a  mixture  of  two  or  more  thereof, 
in  view  of  the  excellent  whiteness  and  gloss,  the  anatase  and  rutile  type  titanium  dioxide  pigments  are  more  preferably 
used  for  the  present  invention. 

To  enhance  the  disperability  of  the  pigment  particles  in  a  matrix  consisting  of  the  polyolefin  resin,  the  surface  of  the 
pigment  particles  may  be  treated  with  a  surface-modifying  agent,  for  example,  a  silane  coupling  agent,  titanate  coupling 

15  agent  or  aluminum  coupling  agent. 
Also,  the  polyolefin  resin  optionally  contains  an  additive  comprising  at  least  one  member  selected  from  colored  pig- 

ments,  dyes,  fluorescent  brightening  agents,  antioxidants,  plasticizers  and  dispersing  agents. 
The  polyolefin  resin  undercoat  layer  can  be  formed  on  a  base  sheet  surface  by  a  melt-extrusion  coating  method. 

To  carry  out  the  melt-extrusion  coating  method,  a  polyolefin  resin  is  melt-kneaded  with  a  pigment  and/or  an  additive, 
20  and  the  polyolefin  resin  melt  is  extruded  into  a  film  from  through  a  die  lip  and  coated  on  the  base  sheet  surface.  Usually, 

the  melt-extrusion  temperature  is  preferably  controlled  in  a  range  from  250°C  to  350°C.  When  the  coated  polyolefin 
resin  melt  layer  is  cooled  and  solidified,  the  melt  layer  is  preferably  brought  into  contact  with  a  cooling  roll  having  a  mir- 
ror-finished  peripheral  surface  plated  with  chromium,  to  enhance  the  gloss  of  the  resultant  polyolefin  resin  undercoat 
layer  surface  of  the  inkjet  recording  material.  The  polyolefin  resin  undercoat  layer  may  contain  a  white  pigment  and/or 

25  an  additive.  Also,  the  polyolefin  resin  undercoat  layer  may  have  a  single  layer  structure  or  a  multi-layered  structure. 
To  enhance  the  adhesion  of  the  resultant  support  sheet  to  the  ink-receiving  layer,  before  the  coating  procedure  with 

the  ink-receiving  layer,  the  resinous  coating  layer  surface  is  optionally  subjected  to  a  surface-activating  treatment,  for 
example,  a  corona  discharge  treatment  or  flame  treatment  or  to  coating  with  a  small  amount  of  a  hydrophilic  resin  to 
form  an  undercoat  layer. 

30  To  enhance  the  adhesion  of  the  substrate  sheet  with  the  radiation-cured  resinous  coating  layer,  an  intermediate 
layer  may  be  formed  between  the  substrate  sheet  and  the  radiation-cured  resinous  coating  layer. 

Further,  a  back  resinous  coating  layer  is  optionally  formed  on  a  back  surface  (opposite  to  the  front  surface  on  which 
the  radiation  cured  resinous  coating  layer  is  formed)  of  the  substrate  sheet.  The  back  resinous  coating  layer  is  formed 
from  a  film-forming  synthetic  resin.  Namely,  the  back  resinous  coating  layer  may  be  formed  from  a  radiation-curable 

35  organic  unsaturated  compound  by  a  radiation-curing  procedure,  or  from  a  thermoplastic  resin,  for  example,  a  polyolefin 
resin.  The  back  resinous  coating  layer  is  not  necessary  to  contain  the  pigment.  The  back  resinous  coating  layer  is  con- 
tributory  to  enhancing  a  resistance  to  curling  and  a  water  resistance  of  the  support  sheet. 

Furthermore,  the  back  resinous  coating  layer  of  the  support  sheet  is  optionally  coated  with  a  topcoat  layer  to 
enhance  a  blocking  resistance  of  the  back  surface  to  the  ink-receiving  layer  of  the  resultant  ink  jet  recording  sheet,  to 

40  impart  a  writing  property  to  the  back  surface,  or  to  improve  the  feeding  and  forwarding  property  and  antistatic  property 
of  the  inkjet  recording  sheet. 

In  the  support  sheet  of  the  present  invention,  the  radiation-cured  resinous  coating  layer,  which  may  be  in  a  single 
layer  structure  or  a  multi-layered  structure,  is  preferably  formed  in  a  total  amount  of  5  to  50  g/m2,  more  preferably  15  to 
35  g/m2.  If  the  amount  of  the  radiation-cured  resinous  coating  layer  is  less  than  5  g/m2,  the  effect  of  the  present  inven- 

45  tion  may  not  be  realized,  and  if  the  amount  is  more  than  50  g/m2,  not  only  the  effect  of  the  present  invention  may  be 
saturated  but  also,  the  production  cost  of  the  resultant  support  sheet  may  become  too  high  and  the  thickness  of  the  sup- 
port  sheet  may  be  too  large. 

To  improve  the  ink  adsorption,  the  ink-receiving  layer  is  preferably  coated  with  an  aqueous  coating  composition  and 
dried  to  form  a  topcoat.  Also,  the  ink-receiving  layer  may  have  a  multi-layered  structure. 

so  The  ink-receiving  layer  can  be  formed  from  a  water-soluble  resin  alone,  or  a  composition  of  an  ink-absorbing  pig- 
ment  with  a  water-soluble  resin,  or  a  composition  of  an  inorganic  pigment,  preferably  a  fine  inorganic  pigment  with  an 
average  particle  size  of  1  urn  or  less,  with  a  binder  resin. 

The  ink-receiving  layer  can  be  formed,  for  example,  by  coating  a  surface  of  a  support  sheet  with  an  aqueous  solu- 
tion  of  a  water-soluble  resin  and  optionally  a  small  amount  of  an  additive. 

55  The  water-soluble  resin  may  comprise  at  least  one  selected  from  water-soluble  synthetic  polymers  and  water-sol- 
uble  natural  polymers.  These  polymers  may  be  used  alone  or  in  a  mixture  of  two  or  more  thereof.  The  water-soluble 
synthetic  polymers  include  preferably  polyvinyl  alcohol,  cationized  polyvinyl  alcohols,  silanol-modified  polyvinyl  alco- 
hols,  other  modified  polyvinyl  alcohols,  and  polyvinyl  pyrrolidone.  The  water-soluble  natural  polymers  include  gelatin, 
modified  gelatins,  caseins,  for  example,  soybean  casein  and  modified  soybean  casein,  starch,  starch  derivatives,  for 
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example,  oxidized  starches,  etherified  starches,  and  phosphoric  acid-esterified  starches,  and  cellulose  derivatives,  for 
example,  carboxymethylcellulose  and  hydroxyethylcellulose. 

The  additives  for  the  ink-receiving  layer  include  cross-linking  agents  for  the  water-soluble  polymers,  cross-linkage- 
promoting  agents,  water-proofing  agents,  cationic  polymers,  ink  dye-fixing  agents,  surfactants,  penetrating  agents,  pre- 

5  servatives,  mildew-proofing  agents,  antioxidants,  ultraviolet  ray  absorbing  agents,  fluorescent  brightening  agents,  dyes, 
coloring  pigments,  paint  viscosity  regulaters,  softening  agents,  paintability-enhancing  agents,  fluidity-enhancing 
agents,  defoaming  agents,  fade-preventing  agents,  pH-regulaters,  dispersing  agents,  releasing  agents,  inorganic  pig- 
ments  and  organic  pigments. 

The  ink-fixing  agents  include  cationic  substances  having  a  secondary  amine  group,  tert-amine  group  or  quaternary 
10  ammonium  salt  group  which  can  react  with  a  sulfonic  acid  group  or  carboxyl  group  of  water-soluble  direct  dyes  or  acid 

dyes  contained  as  a  coloring  material  in  the  ink  for  the  ink  jet  printing  and  capable  of  converting  the  water  soluble  dyes 
to  corresponding  water-insoluble  dyes.  By  adding  the  ink  dye-fixing  agents  into  the  ink-receiving  layer,  the  dyes  can  be 
caught  and  fixed  by  the  ink-receiving  layer,  and  thus  the  sharpness  of  the  colored  images  can  be  enhanced.  Also,  the 
formation  of  the  water-insoluble  dyes  effectively  prevents  undesirable  dissolution,  diffusion  and  blotching  of  the  dye, 

15  even  when  the  colored  images  are  wetted  with  water  drops  or  moisture. 
In  the  ink-receiving  layer  comprising  a  composition  of  an  ink-absorbing  pigment  and  a  water-soluble  polymer,  the 

ink-absorbing  pigment  preferably  comprises  at  least  one  member  selected  from  colorless  (white)  inorganic  and  organic 
pigments.  The  inorganic  pigments  include  synthetic  amorphous  silica,  precipitated  calcium  carbonate,  ground  calcium 
carbonate,  magnesium  carbonate,  kaolin,  clay,  talc,  diatomoceous  earth,  calcium  sulfate,  barium  sulfate,  aluminum  sil- 

20  icate,  calcium  silicate,  magnesium  silicate,  titanium  dioxide,  magnesium  hydroxide,  synthetic  zeorite,  zinc  oxide,  zinc 
sulfide,  zinc  carbonate,  lithopone,  and  satin  white.  The  organic  pigments  include  plastic  pigments,  for  example,  polysty- 
rene,  polyacrylic  resins  and  polyethylene,  urea-formaldehyde  resins  and  melamine-formaldehyde  resins.  The  plastic 
pigments  may  be  in  the  form  of  microcapsules.  The  above-mentioned  pigments  may  used  alone  or  in  a  mixture  of  two 
or  more  thereof.  Also,  the  ink-receiving  layer  optionally  contains  the  above-mentioned  additives. 

25  When  the  ink-receiving  layer  is  formed  from  a  composition  of  a  pigment  and  a  binder,  the  binder  preferably  com- 
prises  at  least  one  water-soluble  polymer  as  mentioned  above.  Among  these  water-soluble  polymers,  polyvinyl  alcohol, 
cation-modified  polyvinyl  alcohols  and  silanol-modif  ied  polyvinyl  alcohols  are  preferably  employed  in  combination  with 
a  silica  pigment.  This  specific  combination  exhibits  a  good  ink-absorbing  property. 

Also,  the  binder  may  comprise  at  least  one  member  selected  from  conjugated  diene  copolymer  latexes,  for  exam- 
30  pie,  styrene-butadiene  copolymer  latexes  and  methyl  methacrylate-butadiene  copolymers  latexes;  polyacrylic  polymer 

latexes,  for  example,  acrylic  ester  and  methacrylic  ester  polymer  and  copolymer  latexes;  vinyl  polymer  latexes,  for 
example,  ethylene-vinyl  acetate  copolymer  latexes;  latexes  of  the  above-mentioned  polymers  and  copolymers  modified 
with  functional  groups,  for  example  carboxyl  groups  or  cationic  groups;  latexes  of  modified  polymers  and  copolymers 
containing  functional  groups,  for  example,  carboxyl  groups  or  cationic  groups;  thermosetting  resins,  for  example,  mela- 

35  mine-formaldehyde  resins  and  urea-formaldehyde  resins,  the  above-mentioned  polymers  and  copolymers  being  usable 
as  aqueous  binders.  Also,  the  binder  may  include  maleic  anhydride  copolymer  resins,  polyacrylamide,  polymethyl 
methacrylate  polymers  and  copolymers,  polyurethane  resins,  unsaturated  polyester  resins,  vinyl  chloride-vinyl  acetate 
copolymers,  polyvinyl  butyral  resins  and  alkyd  resins. 

There  is  no  limitation  to  the  mixing  ratio  of  the  pigment  with  the  binder.  Preferably,  the  binder  is  employed  in  an 
40  amount  of  1  0  to  1  50  parts  by  weight,  more  preferably  20  to  1  00  parts  by  weight,  per  1  00  parts  by  weight  of  the  pigment. 

If  the  amount  of  the  binder  is  too  small,  the  resultant  ink-receiving  layer  may  exhibit  too  low  a  mechanical  strength.  Also, 
if  the  binder  amount  is  too  large,  the  resultant  ink-receiving  layer  may  exhibit  an  unsatisfactory  ink  absorption. 

When  the  ink-receiving  layer  is  formed  from  a  mixture  of  a  binder  with  fine  pigment  particles  having  an  average  par- 
ticle  size  of  1  urn  or  less,  preferably  colloidal  pigment  particles  having  a  particle  size  of  300  nm  or  less,  more  preferably 

45  10  to  200  nm,  the  resultant  inkjet  recording  material  exhibits  an  excellent  gloss. 
The  fine  pigment  particles  can  be  selected  from  the  above-mentioned  ink-absorbing  pigment  particles  having  an 

average  particle  size  of  1  nm  or  less.  Also,  the  fine  pigment  particles  may  be  selected  from  conventional  inorganic  and 
organic  fine  pigment  particles  having  an  average  size  of  1  .0  nm  or  less,  for  example,  colloidal  silica,  anionic  colloidal 
silica,  cationic  colloidal  silica,  alumina  sol,  pseudo  beomite,  gas  phase-synthesized  silica,  synthetic  fine  particle  silica, 

so  synthetic  fine  particle  alumina-silicate,  zeolite,  montmorillonite  group,  hydrotalcite  group,  smectites,  bentonite  clay 
group,  synthetic  calcium  carbonate  pigments,  synthetic  calcium  sulfate  pigments,  synthetic  barium  sulfate  pigments, 
synthetic  titanium  dioxide  titanium  sol,  zinc  oxide,  zinc  carbonate,  calcium  silicate,  magnesium  silicate,  poly-aluminum 
hydroxide  compounds,  alumina  hydrate,  plastic  pigments,  urea-formaldehyde  resin  pigments,  grain  starch  particles,  for 
example,  corn  starch  particles,  potato  starch  particles,  processed  starch  particles,  crystallized  cellulose  particles  and 

55  amorphous  cellulose  particles. 
The  pigment  particles  may  be  surface-treated  ones.  The  surface  treatment  is  contributory  to  preventing  an  agglom- 

eration  of  the  fine  pigment  particles,  or  to  enhancing  the  affinity  of  the  pigment  particles  to  the  water-soluble  polymer 
for  the  ink-receiving  layer  so  as  to  enhance  the  mechanical  strength  of  the  ink-receiving  layer.  The  surface  treatments 
for  the  pigment  particles  include  alumina  treatment,  silica  treatment,  titania-treatment,  silane-coupling  agent-treatment, 
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polyhydric  alcohol  -treatment  and  polysiloxane  treatment. 
When  the  clay  minerals  having  a  multi-ply  structure,  for  example,  synthetic  smectites,  are  employed  as  pigment 

particles,  since  the  clay  minerals  contain  ionized  metal  located  inside  of  the  multi-ply  structure  of  the  pigment  particles, 
the  ionized  metal  may  be  exchanged  with  another  metal,  or  exchange-reacted  with  another  ionic  substances  (namely, 
an  intercalation  reaction)  or  an  organic  substance  may  be  introduced  thereinto  to  form  an  organic  composite.  These 
reactions  can  be  utilized  to  fix  the  dyes  of  the  ink  or  to  enhance  the  affinity  of  the  pigment  particles  to  the  various  water- 
soluble  polymers. 

In  the  inkjet  recording  material  of  the  present  invention,  the  amount  of  the  ink-receiving  layer  is  not  limited  to  a  spe- 
cific  value.  Usually,  the  amount  of  the  ink-receiving  layer  is  preferably  5  to  50  g/m2,  more  preferably  10  to  30  g/m2.  If  the 
amount  of  the  ink-receiving  layer  is  too  small,  the  resultant  ink-receiving  layer  may  exhibit  an  unsatisfactory  ink  absorp- 
tion.  Also,  if  the  amount  of  the  ink-receiving  layer  is  excessively  increased,  various  disadvantages  may  occur,  for  exam- 
ple,  the  ink  absorption  of  the  resultant  ink-receiving  layer  may  be  saturated,  the  production  cost  may  be  too  high,  the 
load  for  drying  the  ink-receiving  layer  may  become  too  high. 

The  ink-receiving  layer  may  be  formed  in  a  single  layer  or  multiple  layers.  In  the  multiple  layers,  the  compositions 
of  the  individual  layers  may  be  different  from  each  other. 

In  the  present  invention,  the  ink-receiving  layer  can  be  formed  by  a  conventional  coating  method,  for  example,  wire 
bar  coating  method,  rod  coating  method,  air  knife  coating  method,  blade  coating  method,  gravure  coating  method, 
extrusion  coating  method,  curtain  coating  method,  or  spray  coating  method. 

The  ink-receiving  layer  is  preferably  surface-smoothed  by  utilizing  a  smooth  casting  surface.  In  the  preparation  of 
the  surface-smoothed  ink-receiving  layer,  a  coating  liquid  for  the  ink-receiving  layer  is  coated  on  a  smooth  casting  sur- 
face,  and  solidified,  an  intermediate  layer  having  an  adhesive  or  sticking  property  is  formed  on  a  substrate  sheet  or  the 
ink-receiving  layer  and  laminated  on  the  ink-receiving  layer  or  the  substrate  sheet,  and  the  resultant  laminate  is  sepa- 
rated  from  the  casting  surface. 

Namely,  the  surface-smoothed  ink-receiving  layer  is  prepared  (1)  by  forming  an  ink-receiving  layer  on  a  casting  sur- 
face,  forming  an  intermediate  layer  on  a  substrate,  laminating  the  intermediate  layer  on  the  ink-receiving  layer;  and  sep- 
arating  the  resultant  laminate  from  the  casting  surface,  or  (2)  by  forming  an  ink-receiving  layer  on  a  casting  surface, 
forming  an  intermediate  layer  on  the  ink-receiving  layer,  laminating  a  substrate  on  the  intermediate  layer,  and  separat- 
ing  the  resultant  laminate  from  the  casting  surface.  When  the  ink-receiving  layer  is  formed  by  utilizing  the  smooth  cast- 
ing  surface,  an  excellent  gloss  is  obtained  on  the  resultant  ink  receiving  layer  surface. 

The  procedures  wherein  the  ink-receiving  layer  is  formed  on  a  casting  surface  and  transferred  to  the  substrate 
through  the  intermediate  layer,  will  be  further  explained  below. 

The  formation  of  the  ink-receiving  layer  on  the  casting  surface  can  be  effected  by  a  conventional  laminating 
method,  for  example,  a  dry  laminating  method,  wet  laminating  method,  hot  melt  laminating  method  and  extrusion  lam- 
inating  method. 

In  the  wet  laminating  method,  dry  laminating  method  and  hot  melt  laminating  method,  a  thermoplastic  resin  or  an 
adhesive  is  coated  on  a  substrate  or  an  ink-receiving  layer  to  form  an  intermediate  layer,  the  intermediate  layer  and  the 
ink-receiving  layer  or  the  substrate  are  laminated  on  and  bonded  to  each  other  so  that  they  face  each  other,  then  the 
resultant  laminate  is  peeled  off  from  the  casting  surface,  to  provide  a  target  inkjet  recording  sheet.  In  the  extrusion  lam- 
inating  method,  a  resin  such  as  a  polyethylene  resin  is  melted  in  an  melt-extruder  at  a  temperature  of  about  280  to 
320°C,  the  resultant  resin  melt  is  coated  on  the  substrate  surface,  the  resin  layer  is  laminated  on  the  ink-receiving  layer 
formed  on  the  casting  surface  or  on  the  substrate  surface,  the  resultant  laminate  is  cooled  and  press-bonded  by  a  cool- 
ing  roll,  and  then  separated  from  the  casting  surface,  to  provide  the  inkjet  recording  sheet. 

When  a  pressure-sensitive  adhesive  is  used  to  form  the  intermediate  layer,  this  adhesive  is  coated  on  the  substrate 
or  ink-receiving  layer  by  using  a  bar  coater,  roll  coater  or  lip  coater,  and  dried,  the  resultant  intermediate  layer  is  lami- 
nated  on  the  ink-receiving  layer  or  substrate,  and  the  resultant  laminate  is  separated  from  the  casting  surface,  to  pro- 
vide  the  inkjet  recording  sheet. 

There  is  no  limitation  to  the  amount  of  the  intermediate  layer  as  long  as  the  ink  receiving  layer  can  be  bonded  to 
the  substrate  therethrough.  Usually,  when  the  intermediate  layer  is  formed  from  a  thermoplastic  resin,  a  bonding  agent 
or  a  pressure-sensitive  adhesive,  the  amount  of  the  intermediate  layer  is  preferably  adjusted  to  2  to  50  g/m2.  If  the  inter- 
mediate  layer  is  formed  in  too  small  an  amount,  the  bonding  strength  may  be  unsatisfactory.  Also,  if  the  amount  is  too 
large,  the  bonding  effect  may  be  saturated  and  an  economical  disadvantage  may  occur. 

The  thermoplastic  resin  (bonding  resin)  for  the  intermediate  layer  is  preferably  selected  from,  for  example,  ethyl  cel- 
lulose,  vinyl  acetate  resins  and  derivatives  thereof,  polyethylene,  ethylene-vinyl  acetate  copolymers,  polyvinyl  alcohol, 
acrylic  resins,  polystyrene,  styrene  copolymers,  polyisobutylene,  hydrocarbon  resins,  polypropylene,  polyamide  resins, 
and  polyester  resins. 

The  bonding  agent  usable  for  the  intermediate  layer  may  be  selected  from  thermosetting  resins,  for  example,  urea 
resins,  phenol  resins,  epoxy  resins,  and  polyisocyanate  resins;  composite  polymer  bonding  agents,  for  example,  poly- 
vinyl  acetal/phenol  resin  composites,  rubber/phenol  resin  composites,  epoxy  resin/nylon  composites;  bonding  rubber 
latexes;  and  natural  hydrophilic  bonding  agents,  for  example,  starch,  glue  and  casein. 

8 
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The  pressure-sensitive  adhesive  usable  for  the  intermediate  layer  can  be  selected  from,  for  example,  solvent  type 
pressure-sensitive  adhesives,  emulsion  type  pressure-sensitive  adhesives,  hot  melt  type  pressure-sensitive  adhesives 
and  delayed  type  pressure-sensitive  adhesives. 

The  materials  usable  for  the  casting  surface  include  films,  for  example,  regenerated  cellulose,  polyethylene,  poly- 
5  pro-pylene,  soft  polyvinyl  chloride,  hard  polyvinyl  chloride  and  polyester  films  having  a  high  surface  smoothness;  paper 

sheets,  for  example,  polyethylene-laminated  paper,  glassine  paper,  impregnated  paper,  and  metallized  paper  sheets; 
sheets,  for  example,  metal  foils  and  synthetic  paper  sheets;  sheets  plates,  and  drums  having  a  very  smooth  surface,  for 
example,  inorganic  glass,  metal  and  plastic  sheets,  plates  and  drums.  In  consideration  of  the  coating  property  and 
release  property  between  the  casting  surface  and  the  ink  receiving  layers  the  polymer  films  (polyethylene,  polypropyl- 

10  ene  and  polyester  films),  the  polyethylene-laminated  paper  sheets  the  glassine  paper  sheets,  and  inorganic  glass 
sheets  or  plates  are  preferably  used  for  the  present  invention.  The  casting  surface  preferably  has  a  surface  roughness 
of  1  .0  nm  or  less,  more  preferably  0.1  \im  or  less. 

The  casting  surface  may  be  used  without  applying  any  surface  treatment.  However,  to  enhance  the  release  prop- 
erty  between  the  casting  surface  and  the  ink  receiving  layer,  a  release  resin,  for  example,  a  silicone  resin  or  fluorine- 

15  containing  resin  may  be  coated  on  the  casting  surface.  Also,  to  improve  the  writing  property  and  printing  property,  a 
corona  discharge  treatment  or  plasma  treatment  is  contributory  to  hydrophilizing  the  casting  surface. 

EXAMPLES 

20  The  present  invention  will  be  further  explained  by  the  following  examples  which  are  merely  representative  and  are 
not  intended  to  restrict  the  scope  of  the  present  invention  in  any  way. 

In  the  examples  and  comparative  examples,  the  following  tests  were  carried  out. 

(1)  Gloss 
25 

In  accordance  with  Japanese  Industrial  Standard  (J  IS)  K  7150,  a  gloss  at  an  incidence  angle  of  60  degrees  was 
measured  in  each  of  longitudinal  and  transverse  directions  (MD  and  CD)  of  the  substrate  sheet,  and  an  average  of  the 
measured  gloss  values  was  calculated. 

30  (2)  Image  clarity 

In  accordance  with  J  IS  K  7150,  an  image  clarity  was  measured  at  an  optical  comb  width  of  2.0  mm. 

(3)  Center  line  mean  roughness  (Ra) 
35 

In  accordance  with  JIS  B  0601  ,  a  center  line  mean  roughness  (Ra)  was  measured  in  each  of  the  longitudinal  and 
transverse  directions  (MD  and  CD)  of  the  substrate  sheet.  An  average  of  the  measured  Ra  values  was  calculated. 

(4)  Smoothness 
40 

In  accordance  with  JIS  P  81  19,  a  Bekk  smoothness  was  measured. 

(5)  Tabar  rigidity 

45  In  accordance  with  JIS  P  1  125,  a  Tabar  rigidity  was  measured  in  each  of  longitudinal  and  transverse  directions  (MD 
and  CD)  of  the  substrate  sheet. 

(6)  Image  sharpness  of  inkjet  recording  sheet 

so  An  ink  jet  recording  sheet  was  subjected  to  an  ink  jet  printing  using  an  ink  jet  color  printer  (trademark:  Desk  Jet 
560J,  made  by  Hewlett  Packard),  and  the  sharpness  of  the  printed  colored  ink  images  was  evaluated  by  naked  eye 
observation  as  follows. 

55 

9 
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Class  Image  clarity 
4  The  same  as  that  of  conventional  silver  halide  photograph 
3  Slightly  lower  than  that  of  conventional  silver  halide  photograph  and  higher  than  that  required  for  practical 

use 
2  Lower  than  that  of  conventional  silver  halide  photograph  and  practically  satisfactory 
1  Significantly  lower  than  that  of  conventional  silver  halide  photograph  and  unsatisfactory. 

15  (7)  Ink-drying  property 

A  cyan  ink  was  solid-printed  on  an  inkjet  recording  sheet  by  using  the  Hewlett  Packard  inkjet  color  printer  (Desk 
Jet  560J).  After  printing  a  non-coated  paper  was  laminated  on  the  printed  surface  of  the  inkjet  recording  sheet.  It  was 
checked  whether  the  ink  was  transferred  from  the  ink  jet  recording  sheet  to  the  non-coated  paper  sheet. 

20  A  time  necessary  to  completely  fix  the  ink  on  the  ink  jet  recording  sheet  so  that  no  ink  was  transferred  to  the  non- 
coated  paper  sheet,  was  determined.  The  ink  drying  property  was  evaluated  as  below. 

Class  Completely  drying  time 

5  Less  than  5  sec. 
4  5  sec.  or  more  but  less  than  1  0  sec. 
3  1  0  sec.  or  more  but  less  than  30  sec. 
2  30  sec.  or  more  but  less  than  60  sec. 
1  60  sec.  or  more. 

35 
Example  1 

A  pulp  slurry  was  prepared  in  a  concentration  of  0.5%  by  weight  from  a  mixture  of  a  soft  wood  bleached  kraft  pulp 
(NBKP)  having  a  Canadian  standard  freeness  (JIS  P  8121)  of  250  mi  with  a  hard  wood  bleached  kraft  pulp  (LBKP)  hav- 

40  ing  a  Canadian  standard  freeness  of  280  ml  in  a  mixing  weight  ratio  of  2  :  8.  The  pulp  slurry  was  mixed  with  an  additive 
consisting  of  2.0%  by  weight  of  a  cationized  starch,  0.4%  by  weight  of  an  alkylketene  dimer,  0.1%  by  weight  of  an  ani- 
onized  polyacrylamide  resin  and  0.7%  by  weight  of  a  polyamidepolyamine-epichlorohydrin  resin  based  on  the  total 
absolute  dry  weight  of  the  pulp,  and  the  pH  value  of  the  pulp  slurry  was  adjusted  to  7.5  by  adding  sodium  hydroxide, 
while  fully  stirring  the  slurry. 

45  The  pulp  slurry  was  subjected  to  a  paper-making  procedure  using  a  Fourdrinier  paper  machine,  a  dryer,  a 
sizepress  coater  and  a  machine  calendar,  to  produce  a  pulp  paper  sheet  for  a  substrate  sheet  having  a  basis  weight  of 
1  70  g/m2,  a  bulk  density  of  1  .0  g/cm3  and  a  water  content  of  8.0%  by  weight.  In  the  sizepress  coater,  a  sizing  solution 
prepared  by  mixing  a  carboxyl-modified  polyvinyl  alcohol  with  sodium  chloride  in  a  mixing  weight  ratio  of  2  :  1  and  heat- 
dissolving  the  mixture  in  water  to  provide  an  aqueous  solution  having  a  solid  concentration  of  5%  by  weight,  was 

so  applied  onto  both  the  front  and  back  surfaces  of  the  paper  sheets  at  a  total  undried  amount  of  the  sizing  solution  of  25 
g/m2. 

Each  of  the  front  and  back  surfaces  of  the  pulp  paper  sheet  was  subjected  to  a  corona  discharge  treatment,  and 
then,  coated  in  the  manner  as  mentioned  below. 

A  polyolefin  resin  composition  (1)  for  the  back  surface  of  the  paper  sheet  was  prepared  by  mixing  65  parts  by 
55  weight  of  a  high  density  polyethylene  resin  having  a  density  of  0.954  g/m3  and  a  melt  flow  index  of  20  g/10  minutes  at 

a  temperature  of  1  90°C  under  a  load  of  21  60g  with  35  parts  by  weight  of  a  low  density  polyethylene  resin  having  a  den- 
sity  of  0.924  g/m3  and  a  melt  flow  index  of  4  g/10  minutes,  by  using  a  Banbury  mixer. 

The  coating  resin  composition  (1)  was  coated  at  a  coating  amount  of  25  g/m2  on  the  back  (wire  side)  surface  of  the 
paper  sheet  by  using  a  T  die  melt-extruder  at  a  melting  temperature  of  320°C. 

10 
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Separately,  two  resinous  coating  compositions  (2)  and  (3)  for  the  front  surface  of  the  paper  sheet  were  prepared  in 
the  following  compositions. 

Resinous  coating  composition  (2) 

Component  Part  by  solid  weight 
Hexa-functional  polyacrylic  oligomer  (*)i  80 

Anatase  type  titanium  dioxide  pigment  (*)2  20 

Note: 
(*)i  ...  pentaerythritol  acrylic  oligomer,  trademark:  Beamset  700,  made 
by  Arakawa  Kagakukogyo  K.K. 
(*>2  ...  trademark:  A  220,  made  by  Ishihara  Sangyo  K.K. 

Resinous  coating  composition  (3) 

Component  Part  by  solid  weight 
Tri-functional  polyurethane  oligomer  (*)3  36 

Di-functional  acrylate  monomer  (*)4  24 

Anatase  type  titanium  dioxide  pigment  (*)2  40 

Note: 
(*)2  ...  trademark:  A  220,  made  by  Ishihara  Sangyo  K.K. 
(*)3  ...  polyurethane  acrylate  oligomer  with  a  molecular  weight  of  1  200, 
trademark:  Beamset  550B,  made  by  Arakawa  Kagakukogyo  K.K. 
(*)4  ...  tripropyleneglycol  diacrylate,  trademark:  M-220,  made  by  Toa 
Gosei  K.K. 

The  resinous  coating  composition  (2),  which  was  radiation-curable,  was  stirred  and  dispersed  in  a  paint  conditioner 
for  one  hour,  and  then  coated  on  a  chromium-plated  upper  surface  of  a  casting  metal  plate  by  using  a  wire  bar  to  form 
a  resinous  coating  composition  (2)  layer  in  an  amount  corresponding  to  5  g/m2  of  a  radiation  cured  resin  coating  layer. 
Then  an  electron  beam  was  irradiated  to  the  resinous  coating  composition  (2)  layer  under  an  acceleration  voltage  of 
1  65  kV  at  a  radiation  dose  of  2  Mrad  to  cure  the  composition  (2)  layer  and  form  an  outermost  resinous  coating  layer. 

The  resinous  coating  composition  (3)  was  stirred  and  dispersed  in  a  paint  conditioner  for  one  hour  and  then  coated 
on  the  front  surface  (felt  side  surface)  of  the  paper  sheet  (opposite  to  the  polyolefin  resin  composition  (1)-coated  surface 
of  the  paper  sheet),  to  form  a  resinous  coating  composition  (3)  layer  in  an  amount  corresponding  to  20  g/m2  of  a  radi- 
ation-cured  resin  coating  layer.  Then,  the  coated  paper  sheet  was  superposed  on  the  electron  beam-cured  resin-coated 
metal  plate  in  such  a  manner  that  the  resinous  coating  composition  (3)  layer  was  brought  into  contact  with  the  electron 
beam-cured  resinous  coating  composition  (2)  layer,  and  an  electron  beam  was  irradiated  to  the  resinous  coating  com- 
position  (3)  layer  through  the  substrate  paper  sheet  under  an  acceleration  voltage  of  1  75  kV  at  a  radiation  dose  of  2 
Mrad,  to  cure  the  resinous  coating  composition  (3)  layer,  to  simultaneously  bond  the  cured  resinous  coating  composi- 
tion  (2)  layer  to  the  cured  resinous  coating  composition  (3)  layer  and  to  provide  a  cured  resinous  coating  layer  with  a 
total  weight  of  25  g/m2  and  a  two  layered  structure  and  firmly  bonded  to  the  substrate  paper  sheet. 

The  resultant  support  sheet  was  peeled  out  from  the  upper  surface  of  the  casting  metal  plate.  The  support  sheet 
was  subjected  to  the  tests  (1)  to  (5)  mentioned  above.  The  test  results  are  shown  in  Table  1  . 

An  aqueous  coating  composition  (4)  for  an  ink-receiving  layer  was  prepared  in  the  following  composition. 
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Component  Part  by  solid  weight 

Polyvinyl  alcohol  (*)5  100 

Ink-fixing  cationic  polymer  (*)6  1  0 

Cross-linking  resin  (*)7  5 

Note: 
(*)5  ...  trademark:  Kuraray  Poval  117,  made  by  Kuraray 
(*)6  ...  trademark:  Sumirase  Resin  1001,  made  by  Sumi- 
tomo  Kagakukogyo  K.K. 
(*)7  ...  Melamine-  formaldehyde  resin,  trademark:  Sumitex 
Resin  M-3,  made  by  Sumitomo  Kagakukogyo  K.K. 

The  resultant  coating  composition  (4)  was  coated  on  the  electron  beam-cured  resinous  coating  layer  surface  of  the 
support  sheet  by  using  a  mayer  bar  and  dried  at  a  temperature  of  1  1  0°C,  to  form  an  ink-receiving  layer  with  a  dry  weight 
of  12  g/m2. 

The  resultant  ink  jet  recording  sheet  was  subjected  to  the  above-mentioned  tests  (1),  (2),  (6)  and  (7).  The  test 
results  are  shown  in  Table  1  . 

Example  2 

A  support  sheet  and  an  inkjet  recording  sheet  were  produced  and  tested  by  the  same  procedures  as  in  Example 
1  ,  with  the  following  exceptions. 

After  the  back  surface  of  the  same  substrate  pulp  paper  sheet  as  in  Example  1  was  coated  with  the  same  polyolefin 
resin  composition  (1)  in  the  same  amount  by  the  same  melt-laminating  procedures  as  those  in  Example  1  ,  the  front  sur- 
face  of  the  substrate  sheet  was  coated  with  a  resinous  coating  layer  having  a  two  layered  structure,  by  the  following  pro- 
cedure. 

A  polyolefin  resin  composition  (5)  having  the  following  composition  was  prepared  by  using  a  Banbury  mixer. 

Polyolefin  resin  composition  (5) 

Component  Part  by  solid  weight 
Linear  low  density  polyethylene  resin  (*)8  35 

Low  density  polyethylene  resin  (*)9  50 

Anatase  titanium  dioxide  pigment  (*)2  15 

Zincstearate  0.1 

Antioxidant  (*)  10  0.03 

Ultramarine  0.09 

Fluorescent  brightening  agent  (*)12  0.3 

Note: 
(*)2  ...  trademark:  A  220,  made  by  Ishihara  Sangyo  K.K. 
(*)8  ...  density:  0.926,  melt  flow  index: 
(*)9  ...  density:  0.919,  melt  flow  index:  2  g/10  minutes 
(*)io  ■■■  trademark:  Irganox  1010,  made  by  CibaGeigy 

...  trademark:  Aoguchi  Gunjo  No.  2000,  made  by  Daiichi  Kasei 
K.K. 
(*)i2  ■■■  trademark:  Uvitex  OB,  made  by  Ciba  Geigy 

The  polyolefin  resin  composition  (5)  was  melt-coated  in  an  amount  of  20  g/m2  on  the  front  surface  of  the  substrate 
sheet  by  a  melt-extrusion  laminating  procedure  at  a  melting  temperature  of  300°C,  and  the  coated  resin  melt  layer  was 
cooled  and  solidified  by  bringing  it  into  contact  with  a  mirror-finished  peripheral  surface  of  a  cooling  roll,  to  form  a  poly- 
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olefin  resin  undercoat  layer. 
Separately,  the  same  resinous  coating  composition  (2)  as  in  Example  1  was  prepared  and  coated  on  a  casting  sur- 

face  of  a  polyester  film  (available  under  the  trademark  of  Lumirror  T  from  Toray,  thickness:  75  nm,  center  line  mean 
roughness  (Ra):  0.02  nm)  by  using  a  wire  bar.  The  coated  resinous  composition  (2)  layer  was  cured  by  irradiating  an 
electron  beam  under  an  acceleration  voltage  of  1  75  kV  at  a  radiation  dose  of  2  Mrad.  The  resultant  cured  resin  (2)  out- 
ermost  layer  had  a  weight  of  10  g/m2. 

The  same  resinous  coating  composition  (3)  as  in  Example  1  was  prepared  and  coated  on  the  surface  of  the  poly- 
olefin  resin  undercoat  layer  of  the  substrate  sheet  by  using  a  wire  bar,  to  form  a  coating  composition  (3)  layer  in  an 
amount  corresponding  to  20  g/m2  of  a  cured  resinous  coating  layer;  the  coated  substrate  sheet  was  superposed  on  the 
coated  polyester  film  in  such  a  manner  that  the  coating  composition  (3)  layer  was  brought  into  contact  with  the  cured 
resin  (2)  coating  layer  of  the  coated  polyester  film;  an  electron  beam  was  irradiated  toward  the  coating  composition  (3) 
layer  through  the  polyester  film  under  an  accelerating  voltage  of  1  75  kV  at  a  radiation  dose  of  2  Mrad,  to  cure  the  coat- 
ing  composition  (3)  layer  and  to  bond  the  resultant  cured  resin  (3)  inside  layer  to  the  cured  resin  (2)  coating  layer.  The 
resultant  support  sheet  was  peeled  out  from  the  casting  surface  of  the  polyester  film. 

This  support  sheet  had  a  substrate  paper  sheet,  a  back  polyolefin  resin  (1)  layer  formed  on  the  back  surface  of  the 
substrate  sheet,  a  front  polyolefin  resin  (5)  undercoat  layer  formed  on  the  front  surface  of  the  substrate  sheet  and  a  front 
resinous  coating  layer  composed  of  an  electron  beam-cured  resin  (3)  inside  layer  formed  on  the  front  polyolefin  resin 
(5)  undercoat  layer  and  an  electron  beam-cured  resin  (2)  outermost  layer  formed  on  the  electron  beam-cured  resin  (3) 
inside  layer. 

The  test  results  are  shown  in  Table  1  . 

Comparative  Example  1 

A  support  sheet  and  an  inkjet  recording  sheet  were  produced  and  tested  by  the  same  procedures  as  in  Example 
2,  except  that  the  resinous  coating  layer  consisting  of  the  electron  beam-cured  resin  (2)  and  (3)  layers  were  not  formed 
on  the  front  polyolefin  resin  (5)  undercoat  layer. 

The  test  results  are  shown  in  Table  1  . 

Example  3 

A  support  sheet  and  an  inkjet  recording  sheet  were  produced  and  tested  by  the  same  procedures  as  in  Example 
1  ,  with  the  following  exceptions. 

After  the  same  pulp  paper  sheet  for  the  substrate  sheet  as  in  Example  1  was  produced  and  the  back  surface  of  the 
paper  sheet  was  coated  by  the  same  polyolefin  resin  composition  (1)  as  in  Example  1  by  the  melt-extrusion  laminating 
procedure,  the  front  surface  of  the  substrate  sheet  was  coated  with  a  resinous  coating  layer  having  a  two  layered  struc- 
ture  by  the  following  procedures. 

Two  radiation-curable  resinous  coating  compositions  (6)  and  (7)  were  prepared  in  the  following  compositions. 

Resinous  coating  composition  (6) 

Component  Part  by  solid  weight 

Polyurethane  resin  (*)i  3  50 

Acryloylmorpholine  (*)i4  30 

Alkylphenoxypolyethyleneglycol  acrylate  (*)i5  20 

Note: 
(*)i3  ...  di-  functional  acrylate  oligomer  with  an  average  molecular  weight  of 
1  0,000  and  an  acryl  equivalent  of  5,000 
(*)i4  ...  trademark:  ACMO,  made  by  Kojin  K.K. 
(*)i5  ...  trademark:  Newfrontier  NP-2,  made  by  Daiichi  Kogyoseiyaku  K.K. 

The  composition  (6)  was  free  from  the  white  pigment. 
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Resinous  coating  composition  (7) 

Component  Part  by  solid  weight 

Caprolactone-modified  pentaerythritol  hexacrylate  (*)16  65 

Rutile  type  titanium  dioxide  pigment  (*)17  35 

Note: 
(*)16  ...  with  three  caprolactone-modified  acryloyl  groups,  trademark:  Kayarado  DPCA- 
30,  made  by  Nihon  Kayaku  K.K. 
(*)i7  ...  trademark:  CR-58,  made  by  Ishihara  Sangyo  K.K. 

15  The  resinous  coating  composition  (6)  was  stirred  and  dispersed  in  a  paint  conditioner  for  one  hour,  and  coated  on 
a  chromium-plated  surface  of  a  casting  metal  plate  by  using  a  wire  bar  to  form  a  resinous  coating  composition  (6)  layer 
in  an  amount  corresponding  to  10  g/m2  of  cured  resin  (6)  layer.  An  electron  beam  was  irradiated  toward  the  composition 
(6)  layer  under  an  acceleration  voltage  of  165  kV  at  a  radiation  dose  of  2  Mrad,  to  convert  it  to  an  electron  beam-cured 
resin  (6)  outermost  layer. 

20  Separately,  the  resinous  coating  composition  (7)  was  stirred  and  dispersed  in  a  paint  conditioner  for  one  hour,  and 
coated  on  the  front  surface  of  the  substrate  sheet  by  using  a  wire  bar  to  form  a  resinous  coating  composition  (7)  layer 
in  an  amount  corresponding  to  40  g/m2  of  a  cured  resin  layer.  The  coated  substrate  sheet  was  superposed  on  the 
coated  casting  metal  plate  in  such  a  manner  that  the  resinous  composition  (7)  layer  was  brought  into  contact  with  the 
cured  resin  (6)  outermost  layer  formed  on  the  casting  metal  plate.  Then,  electron  beam  was  irradiated  toward  the  res- 

25  inous  composition  7  layer  through  the  substrate  sheet  under  an  acceleration  voltage  of  1  75  kV  at  a  radiation  dose  of  2 
Mrad,  so  that  the  composition  (7)  layer  was  cured  and  the  resultant  resin  (7)  inside  layer  was  bonded  to  the  cured  resin 
(6)  outermost  layer  to  form  a  resinous  coating  layer  having  a  two  layered  structure. 

The  resultant  support  sheet  provided  with  the  resinous  coating  layer  having  a  total  weight  of  50  g/m2  was  peeled 
out  from  the  casting  metal  plate. 

30  The  test  results  are  shown  in  Table  1  . 

Example  4 

A  support  sheet  and  an  inkjet  recording  sheet  were  produced  and  tested  by  the  same  procedures  as  in  Example 
35  1  ,  with  the  following  exceptions. 

After  the  same  pulp  paper  sheet  for  the  substrate  sheet  as  in  Example  1  was  produced  and  the  back  surface  of  the 
paper  sheet  was  coated  by  the  same  polyolefin  resin  composition  (1)  as  in  Example  1  by  the  melt-extrusion  laminating 
procedure,  the  front  surface  of  the  substrate  sheet  was  coated  with  a  resinous  coating  layer  having  a  single  layer  struc- 
ture  by  the  following  procedures. 

40  A  resinous  coating  composition  (8)  was  prepared  in  the  following  composition. 

Component  Part  by  solid  weight 

Pentaerythritol  tetraacrylate  (*)i  8  1  00 

Anatase  type  titanium  dioxide  pigment  (*)2  60 

Note: 
(*>2  ...  trademark:  A  220,  made  by  Ishihara  Sangyo  K.K. 
(*)is  ■■■  trademark:  Beamset  710,  made  by  Arakawa  Kagakukogyo  K.K. 

The  resinous  coating  composition  (8)  was  stirred  and  dispersed  in  a  paint  conditioner  for  one  hour  and  coated  on 
the  front  surface  of  the  substrate  sheet  by  using  a  wire  bar  to  form  a  resinous  coating  composition  (8)  layer  in  an  amount 

55  corresponding  to  40  g/m2  of  a  cured  resin  layer.  A  polyester  film  (trademark:  Lumirror  T,  made  by  Toray)  having  a  thick- 
ness  of  75  nm  and  a  center  line  mean  roughness  (Ra)  of  0.02  |xm  was  superposed  on  the  resinous  coating  composition 
(8)  layer  of  the  substrate  sheet  in  such  a  manner  that  no  air  bubble  was  formed  between  the  polyester  film  and  the  res- 
inous  coating  composition  (8)  layer.  Then,  an  electron  beam  was  irradiated  toward  the  resinous  coating  composition  (8) 
layer  through  the  polyester  film  under  an  acceleration  voltage  of  175  kV  at  a  radiation  dose  of  2  Mrad,  to  cure  the  res- 

14 
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inous  coating  composition  (8)  layer  into  a  resinous  coating  layer.  The  polyester  film  was  released  from  the  resultant  sup- 
port  sheet  having  an  electron  beam-cured  resinous  coating  layer. 

The  test  results  are  shown  in  Table  1  . 

Example  5 

A  support  sheet  and  an  inkjet  recording  sheet  were  produced  and  tested  by  the  same  procedures  as  in  Example 
1  ,  with  the  following  exceptions. 

After  the  same  pulp  paper  sheet  for  the  substrate  sheet  as  in  Example  1  was  produced  and  the  back  surface  of  the 
paper  sheet  was  coated  by  the  same  polyolefin  resin  composition  (1)  as  in  Example  1  by  the  melt-extrusion  laminating 
procedure,  the  front  surface  of  the  substrate  sheet  was  coated  with  a  polyolefin  resin  undercoat  layer  and  then  with  a 
resinous  coating  layer  having  a  two  layered  structure  by  the  following  procedures. 

The  same  polyolefin  resin  composition  (5)  as  in  Example  2  was  coated  in  an  amount  of  30  g/m2  on  the  front  surface 
of  the  substrate  sheet  by  the  melt-extrusion  laminating  procedure  and  cooled  and  solidified  by  using  a  cooling  roll  with 
a  mirror-finished  peripheral  surface,  to  form  a  polyolefin  resin  undercoat  layer. 

Separately,  a  resinous  coating  composition  (9)  was  prepared  in  the  following  composition. 

Resinous  coating  composition  (9) 

Component  Part  by  solid  weight 
Radiation-curable  polyurethane  resin  (*)19  50 

Lauryl  acrylate  (*)2o  1  5 

Anatase  type  titanium  dioxide  pigment  (*)2  6 

Note: 
(*)2  ...  trademark:  A  220,  made  by  Ishihara  Sangyo  K.K. 
(*)i9  ...  di-functional  acrylate  oligomer,  trademark:  Beamset  505B, 
made  by  Arakawa  Kagakukogyo  K.K. 
(*)2o  ■■■  trademark:  LA,  made  by  Osaka  Yukikagaku  K.K. 

The  resinous  coating  composition  (9)  was  stirred  and  dispersed  in  a  paint  conditioner  for  one  hour,  and  coated  on 
the  polyolefin  resin  composition  (5)  layer  formed  on  the  front  surface  of  the  substrate  sheet  by  using  a  wire  bar  to  form 
a  resinous  coating  composition  (9)  layer  in  an  amount  corresponding  to  20  g/m2  of  a  cured  resin  (9)  layer.  The  resinous 
composition  (9)  layer  was  cured  by  an  irradiation  of  an  electron  beam  under  an  acceleration  voltage  of  1  75  kV  at  a  radi- 
ation  dose  of  2  Mrad. 

The  test  results  are  shown  in  Table  1  . 

Example  6 

A  support  sheet  and  an  inkjet  recording  sheet  were  produced  and  tested  by  the  same  procedures  as  in  Example 
1  ,  with  the  following  exceptions. 

An  aqueous  coating  composition  (10)  for  an  ink  receiving  layer,  comprising  a  colloidal  pigment  particles  and  a 
binder  was  prepared  in  the  following  composition. 
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Aqueous  coating  composition  (10) 

Component  Part  by  solid  weight 
Cationic  colloidal  silica  (*)2i  1  00 

Silanol-modified  polyvinyl  alcohol  (*)22  30 

Ink-fixing  cationic  polymer  (*)6  3 

Note: 
(*>6  ...  trademark:  Sumirase  Resin  1001  ,  made  by  Sumitomo 
Kagakukogyo  K.K. 
021  ...  Trademark:  Snowtex  AK-XL,  made  by  Nissan  Kagaku  K.K. 
A  cationic  colloid  having  an  average  particle  size  of  45  nm 
022  Trademark:  R-21  05,  made  by  Kuraray,  Polymerization  degree: 
500,  Saponification  degree:  98.5 

The  aqueous  coating  composition  was  coated  on  the  surface  of  the  electron  beam-cured  resinous  coating  layer  of 
the  support  sheet  by  using  a  wire  bar,  to  form  an  ink  receiving  layer  with  a  dry  weight  of  25  g/m2. 

The  test  results  are  shown  in  Table  1  . 

Example  7 

A  support  sheet  and  an  inkjet  recording  sheet  were  produced  and  tested  by  the  same  procedures  as  in  Example 
1  ,  with  the  following  exceptions. 

An  aqueous  coating  composition  (11)  for  an  ink  receiving  upper  layer,  containing  a  colloidal  silica  and  a  binder  resin 
was  prepared  in  the  following  composition. 

Aqueous  coating  composition  (1  1) 

Component  Part  by  solid  weight 
Colloidal  silica  (*)2i  100 

Silanol-modified  polyvinyl  alcohol  (*)22  8 

Note: 
021  ...  Trademark:  Snowtex  AK-XL,  made  by  Nissan  Kagaku  K.K. 
A  cationic  colloid  having  an  average  particle  size  of  45  nm 
022  Trademark:  R-21  05,  made  by  Kuraray,  Polymerization  degree: 
500,  Saponification  degree:  98.5 

Aqueous  coating  composition  (12) 

Component  Part  by  solid  weight 
Colloidal  silica  (*)23  100 

Silanol-modified  polyvinyl  alcohol  (*)22  15 

Note: 
022  ■■■  Trademark:  R-2105,  made  by  Kuraray,  Polymerization 
degree:  500,  Saponification  degree:  98.5 
023  ■■■  Trademark:  Snowtex  AL-ZL  made  by  Nissan  Kagaku  K.K. 
A  cationic  colloid  having  an  average  particle  size  of  85  nm 



EP  0  770  493  A1 

The  aqueous  coating  composition  (1  1)  was  coated  on  a  casting  surface  of  a  polyester  (PET)  film  (trademark:  Lumir- 
ror  T.  center  line  mean  roughness  (Ra)  =  0.02  nm)  by  using  a  wire  bar,  and  dried  to  form  an  ink-receiving  upper  layer 
having  a  dry  weight  of  8  g/m2. 

Then,  the  aqueous  coating  composition  (12)  was  coated  on  the  ink-receiving  upper  layer  on  the  casting  surface  by 
using  a  wire  bar  and  dried  to  form  an  ink-receiving  under  layer  having  a  dry  weight  of  15  g/m2.  An  ink-receiving  com- 
posite  layer  was  formed  on  the  casting  surface. 

Separately,  a  coating  composition  (1  3)  was  prepared  by  dissolving  1  00  parts  by  weight  of  a  polyester  binding  agent 
(trademark:  AD-578,  made  by  Toyo  Morton  K.K.)  and  1  5  parts  by  weight  of  a  poly-isocyanate  cross-linking  agent  (trade- 
mark:  CAT-50,  made  by  Toyo  Morton  K.K.)  in  ethyl  acetate.  The  coating  composition  had  a  solid  content  of  10%  by 
weight. 

The  coating  composition  (13)  was  coated  on  a  surface  of  the  same  support  sheet  as  in  Example  1  by  using  a  wire 
bar  and  dried  to  form  a  bonding  layer  having  a  dry  weight  of  15  g/m2.  The  binder-coated  support  sheet  was  laminated 
on  the  ink-receiving  composite  layer  so  as  to  bring  the  biding  layer  of  the  support  sheet  into  contact  with  the  ink-receiv- 
ing  under  layer  of  the  ink-receiving  composite  layer,  and  the  laminate  was  pressed  by  using  a  pair  of  metallic  rolls  under 
a  linear  pressure  of  15  kg/cm,  to  provide  an  inkjet  recording  sheet. 

The  resultant  inkjet  recording  sheet  was  separated  from  the  casting  polyester  film  surface. 
The  test  results  are  shown  in  Table  1  . 

Example  8 

A  support  sheet  was  produced  by  the  same  procedures  as  in  Example  2,  and  an  inkjet  recording  sheet  was  pro- 
duced  from  the  support  sheet  by  the  same  procedures  as  in  Example  7. 

The  resultant  support  sheet  and  ink  jet  recording  sheet  were  tested  by  the  same  procedures  as  mentioned  above. 
The  test  results  are  shown  in  Table  1  . 
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Table  1  clearly  shows  that  the  support  sheets  of  Examples  1  to  7  in  accordance  with  the  present  invention  exhibited 
satisfactory  gloss,  image  clarity,  smoothness  (Ra  and  Bekk  smoothness)  and  Tabar  rigidity,  whereas  the  support  sheet 
of  Comparative  Example  1  exhibited  an  insufficient  gloss,  an  unsatisfactory  image  clarity,  poor  smoothness  and  low 
Tabar  rigidity. 

18 
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Also,  the  inkjet  recording  sheets  of  Examples  1  to  7  were  satisfactory  in  gloss,  image  sharpness  and  image  clarity, 
whereas  the  comparative  inkjet  recording  sheet  was  unsatisfactory  in  the  above-mentioned  properties. 

The  support  sheet  of  the  present  invention  has  an  excellent  gloss,  smoothness  and  rigidity  and  is  useful  for  an  ink 
jet  recording  material  which  can  form  thereon  ink  images  having  enhanced  sharpness  and  clarity  comparative  with 

5  those  of  conventional  silver  halide  photographic  images. 
In  the  support  sheet  of  the  present  invention,  a  surface  of  a  pulp  paper  substrate  sheet  is  coated  with  a  radiation- 

cured  resinous  coating  layer  which  has  a  high  surface  smoothness  and  thus  enables  the  resultant  ink-receiving  layer 
formed  thereon  to  exhibit  the  above-mentioned  excellent  image  sharpness  and  clarity. 

Namely,  the  radiation-cured  resinous  coating  layer  has  a  high  smoothness,  and  this  high  smoothness  can  be  fur- 
10  ther  enhanced  by  forming  it  on  a  mirror-finished  casting  surface  or  a  thermoplastic  film  surface,  or  by  pressing  it  toward 

the  above-mentioned  smooth  surface  so  that  the  smooth  surface  is  transferred  to  the  radiation-cured  resinous  coating 
layer. 

When  a  polyolefin  resin  under  coat  layer  is  formed  on  a  surface  of  the  substrate  sheet,  the  resultant  undercoat  layer 
is  surface-smoothed  by  using  a  mirror-finished  cooling  roll,  and  then  the  radiation-cured  resinous  coating  layer  is 

15  formed  on  the  smoothed  surface  of  the  undercoat  layer,  the  resultant  ink-receiving  layer  formed  on  the  radiation-cured 
resinous  coating  layer  exhibits  enhanced  gloss,  image  sharpness  and  image  clarity. 

As  mentioned  above,  when  the  resinous  coating  layer  is  formed  in  a  multi-layered  structure  as  mentioned  above, 
the  interface  or  interfaces  between  the  plurality  of  layers  is  very  smooth  and  thus  the  light  scattering  within  the  multi- 
layered  resinous  coating  layer  is  restricted  so  as  to  enhance  the  image  sharpness  and  clarity.  Further,  addition  of  a 

20  white  pigment  to  the  resinous  coating  layer  advantageously  enhance  the  whiteness  and  opacity  of  support  sheet  and 
thus  further  improves  the  image  sharpness  and  clarity. 

Claims 

25  1  .  A  support  for  an  ink  jet  recording  material,  comprising  a  substrate  sheet  and  a  resinous  coating  layer  formed  on  a 
surface  of  the  substrate  sheet  and  comprising,  as  a  principal  component,  a  radiation-cured  product  of  at  least  one 
radiation-curable  organic  unsaturated  compound. 

2.  The  support  as  claimed  in  claim  1  ,  wherein  the  substrate  sheet  comprises  a  natural  pulp-containing  paper  sheet. 
30 

3.  The  support  as  claimed  in  claim  1  ,  wherein  the  substrate  sheet  comprises  a  base  sheet  comprising  a  natural  pulp- 
containing  paper  sheet  and  a  resinous  undercoat  layer  formed  by  melt-laminating  a  polyolefin  resin  on  a  surface  of 
the  base  sheet. 

35  4.  The  support  as  claimed  in  claim  1  ,  wherein  the  resinous  coating  layer  comprises,  as  an  additional  component,  a 
white  pigment. 

5.  The  support  as  claimed  in  claim  1  ,  wherein  the  resinous  coating  layer  has  a  smooth  surface  transferred  from  a 
smooth  casting  surface. 

40 
6.  An  ink  jet  recording  material  comprising  the  support  as  claimed  in  claim  1  ,  and  an  ink-receiving  layer  formed  at 

least  one  surface  of  the  support  sheet. 

7.  The  ink  jet  recording  material  as  claimed  in  claim  6,  wherein  the  ink-receiving  layer  is  coated  by  a  dried  aqueous 
45  coating  composition. 

8.  The  inkjet  recording  material  as  claimed  in  claim  6,  wherein  the  ink-receiving  layer  contains  a  water-soluble  resin. 

9.  The  ink  jet  recording  material  as  claimed  in  claim  6,  wherein  the  ink-receiving  layer  contains  a  colloidal  pigment 
so  particles  having  an  average  particle  size  of  300  nm  or  less. 

10.  The  inkjet  recording  material  as  claimed  in  claim  6,  wherein  the  ink-receiving  layer  is  one  formed  on  a  casting  sur- 
face  and  transferred  and  bonded  to  at  least  one  surface  of  the  support  sheet. 

55 
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